The E. coli strain DH5α [F'/end 1, hsd R 17 (r k /m k ) gln v44 thi-1 rec A1gyr A (Nal r ) rel A1∆ Lac YZA-arg F) U189 deoR [ϕ80 dLac ∆ (LacZ) M15] was used for all cloning experiments. The lon -E. coli strain BL21 (DE3) was used for expression of all proteins. DNA template used in the in vitro assay. pZOriF and pZOriF-IncC contained the minimal ori sequence consisting of the dnaA1 and dnaA2 sites, four iterons, and the same sequence plus RepE ORF that also includes incC region, respectively. A polymerase chain reaction was used to amplify the DNA that was cloned as an EcoRI-HindIII fragments into the pUC19 vector. Supercoiled DNA templates for in vitro replication assay were prepared by two cycles of CsCl-ethidium bromide equilibrium centrifugation. The plasmid pHOC2.6.1, containing the 9 subunits of pol III*, was a gift from
Enzymes
Highly purified RNase H and SSB were purchased from a commercial vendor (USB, Cleveland,OH). Plasmid-encoded initiator protein RepEwt and the monomeric RepE*(R118P) were purified as described (Zzaman et al., 2004a) . The host initiator protein DnaA (Seitz et al., 2000) , DnaB and DnaC, (Datta et al., 1999) , DnaG (Lu et al., 1996) , and HU (Pellegrini et al., 2000) were purified as described in the corresponding references. GyraseA and B were purified from overproducer strains the details of which will be described elsewhere. Pol III*was purified from pHOC2.6.1 (gift from Dr. Charles McHenry, University of Colorado Health Sciences Center), DnaN was purified from an over producer plasmid constructed in our laboratory by Dr.I.Patel. The chaperone system consisting of DnaK, DnaJ and GrpE were purified as described (Zzaman et al., 2004b) .
Filter Binding
Binding of the RepE wt, RepE118 and chaperone activated RepE wt protein of Gel filtration fraction was carried out with 20ng of 32 P end labeled DNA fragment in binding buffer containing 20mM Tris-HCl, pH 7.5, 40 mM NaCl, 40mM KCl, 10mM MgCl 2 . 0.1mM EDTA, 1 mM DTT, 0.1mg/ml BSA and 5µg/ml salmon sperm carrier DNA was used (total volume of 100µl). Incubation was carried out at 30 0 C for 30 min and reaction mixture was slowly filtered through nitrocellulose membrane (BA 85/45µ). The membrane was washed with 1ml of binding buffer without BSA, air-dried and radioactivity retained for each sample was determined by liquid scintillation counting.
Gel Filtration
Gel filtration chromatography were carried out at 4 o C using Size-exclusion column Hi Prep 16/60 Sephacryl S200 (Pharmacia), was pre-equilibrated with 20mM Tris-HCl (pH 7.5) 450mM KCl, 0.1mM EDTA, 10mM βME, 10 %glycerol. A 500µl reaction mixture containing 250µg/ml of RepE wt, RepE* or RepE wt pretreated with chaperone (DnaK,7.5µg; DnaJ,0.7µg and GrpE,0.5 µg), 5mM ATP, and 10mM MgCl 2 and loaded on to the column and eluted with above buffer at a flow rate of 0.5 ml/min (FPLC system), fraction of 1ml were collected. The collected fractions of test protein were analyzed by Bradford protein assay (BioRad). The sample of RepEWT treated with chaperone was incubated for 20 min at 37 0 C, prior to loading to gel filtration column. The SephacrylS200 column was calibrated using proteins of known molecular masses.
Gel Mobility Shift Assay
The DNA binding activities of RepE wt, RepE *and chaperone-activated RepEwt proteins were assayed with purified protein in 10µl of reaction mix. The gel mobility shift assay was performed using RepE binding buffer containing 20mM Tris-HCl (pH7.5), 40mM NaCl, 40mM KCl, 10mM MgCl 2 , 0.1mM EDTA, 1mM DTT (buffer E), 0.1mg/ml BSA, 0.5µg poly (dIdC), 10fmol of the 32 P end labeled DNA fragment (100bp) containing (1) one Direct Repeat of oriF as probe. Several dilution of RepE monomer, dimer and activated RepE wt were used to estimate the DNA binding, reaction mix were incubated for 30 0 C for 20 min and resolved in 6% polyacrylamide/ Tris-borate gel.
Protein Displacement Assay
A 200 µl reaction mixture containing RepE binding buffer (25µl and 0.1 pmol of DNA fragment was incubated with 600ng (20 pmol) of 32 P labeled RepE* at 30 0 C for 30 min. The 50µl reaction mixture was gel filtered through each 0.5 X 10cm Biogel A 1.5M column pre-equilibrated with binding buffer to separate DNA-protein complex, peak fractions were pooled. The pooled DNAprotein complex (25µl) was further incubated in binding buffer (50µl total) with increasing concentration of cold RepE wt and RepE* to titrate out labeled RepE*. Reaction mixture was incubated for 15 min at 30 0 C. After this incubation, reaction mixture was again gel filtered through Biogel column and radioactivity in the peak fraction of DNA-protein complex was counted in scintillation counter for radioactivity. The protein displacement pattern of labeled RepE-DNA complex was plotted against concentration of cold RepE or RepE*. 
B.
keeping DnaK at 1500ng /reaction and that of DnaJ at 100ng, the concentrations of GrpE was systematically changed to determine the concentration that promoted optimal replication. The error bars represent the standard deviation from the mean of three independent experiments.
